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CAL| BRATI ON STANDARD SPECI FI CATI ON FOR A
LOW FREQUENCY SI GNAL GENERATOR CALI BRATOR

1. SCOPE

1.1 Scope. This specification defines the nmechanical, electrical,
and electronic characteristics for a Low Frequency Signal
Cenerator Calibrator. This equipnent is intended to be used by
Navy personnel in shipboard and shore based | aboratories to help
calibrate various mcrowave instrunents. For the purposes of this
speci fication, the Low Frequency Signal Generator Calibrator shal
be referred to as the LFSGC.

2. APPLI CABLE DOCUMENTS

2.1 Controlling Specifications. M L-T-28800, "Mlitary
Specification, Test Equipnment for use with Electrical and
El ectronic Equi pnment, General Specification for," and all

docunents referenced therein of the issues in effect on the date
of the solicitation shall forma part of this specification.

3. REQUI REMENTS

3.1 GCeneral. The LFSGC shall conformto Type Il, Cass 5, Style
E requirenents as specified in ML-T-28800 for Navy shi pboard and
shor ebased use as nodified below. The use of material restricted
for Navy use shall be governed by M L-T-28800.

3.1.1 Design and Construction. The LFSGC desi gn and
construction shall neet the requirenents of ML-T-28800 for Type
|| equiprent.

3.1.2 Power Requirenents. The LFSGC shall operate froma source
of 103.5V to 126.5V at 50 and 60 Hz 5% si ngl e- phase i nput power as
specified in M L-T-28800.

3.1.2.1 Fuses or Circuit Breakers. Fuses or circuit breakers

shall be provided. If circuit breakers are used, both sides of
the power source shall be automatically disconnected from the
equi pment in the event of excessive current. |If fuses are used,

only the line side of the input power line as defined by ML-C
28777, shall be fused. Fuses or circuit breakers shall be readily
accessi bl e.

3.1.2.2 Power Connecti on. The requirenents for power source
connections shall be in accordance with ML-T-28800 with a 6-foot
m ni rum | engt h cord.

3.1.3 D nensions and Wi ght. Maxi mum di nensions shall not exceed
19 inches in wdth, 12 inches in height, and 24 inches in depth.
The wei ght shall not exceed 60 pounds.
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3.1.4 LithiumBatteries. Per ML-T-28800, lithiumbatteries are
prohi bited w thout prior authorization. A request for approval for
the use of lithium batteries, including those encapsulated in
integrated circuits, shall be submtted to the procuring activity
at the tinme of subm ssion of proposals. Approval shall apply only
to the specific nodel proposed.

3.2 Environnmental Requirenents. The LFSGC shall neet the
environnmental requirenents for Type Il, Cass 5, Style E equipnent
with the deviations specified bel ow

3.2.1 Temperature and Hum dity. The LFSGC shall neet the
condi ti ons bel ow

Tenperature (°C) Rel ative Humidity (%
Qper ati ng 10 to 30 95
30 to 40 75
Non- oper at i ng -40 to 70 Not Controlled
3.2.2 Electromagnetic Conpatibility. The el ectromagnetic

conpatibility requirements of ML-T-28800 are limted to the
foll ow ng areas: CEO1, CEO03, CS01, Cs02, CS06, REO1l, REO2 (14 kHz
to 1 GHz), and RS0S.

3.3 Reliability. Type |1 reliability requirenments are as
specified in M L-T-28800.

3.3.1 Calibration Interval. The LFSCGC shall have a 85% or
greater probability of remaining within tolerances on all
specifications at the end of a 26 nonth peri od.

3.4 Maintainability. The LFSGC shall neet the Type II
mai ntai nability requirenments as specified in ML-T-28800 except
the | owest discrete conponent shall be defined as a repl aceable
assenbly. Certification time shall not exceed 60 m nutes.

3.5 Performance Requirenents. The LFSGC shall provide the
following capability as specified below Unl ess ot herw se
i ndi cated, all specifications shall be nmet followng a 30 m nute
war mup peri od.

3.5.1 Frequency. The LFSGC shall be capable of neasuring the
frequency of the applied RF signal.

3.5.1.1 Frequency Range. The LFSGC shall have a frequency range
of 20 Hz to 250 kHz at the | ow frequency input connector; 150 kHz
to 1300 MHz at the RF i nput connector.
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3.5.1.2 Frequency Resolution. The LFSGC frequency resolution
shall be six (6) digits from20 Hz to 250 kHz; 1 Hz from 150 kHz
to 1300 MHz.

3.5.1.3 Frequency Accuracy. The LFSCGC frequency accuracy shal
be as foll ows:

Accur acy Fr equency

+3 counts of LSD* = Reference Accuracy <100 Mz
+3 counts of LSD* = Reference Accuracy >100 MHz
or 30 Hz, whichever is |arger
* LSD:  Least-Significant Digit.

3.5.1.4 Frequency Sensitivity. The LFSGC frequency sensitivity
shall be as follows:

Sensitivity Fr equency Range
100 nV 20 Hz - 250 kHz
-25 dBm 150 kHz - 650 M+t
-20 dBm 650 MLz - 1300 M

3.5.1.5 |Internal Reference Oscillator. The LFSGC shall have an
internal reference oscill ator

3.5.1.5.1 |Internal Reference Aging Rate. The LFSGC shall have an
internal reference aging rate of 1x10'9/day or |ess.

3.5.1.5.2 Internal Reference Tenperature Effects. The LFSGC
shall have an internal reference tenperature effects of Less than

3x10~ 10/ o¢.

3.5.1.5.3 Line Voltage Effects. The LFSGC internal reference

oscillator shall have line voltage effects of 9x10"10 or less for
line voltage changes of +5%to -10%

3.5.1.5.4 Short Term Stability. The LFSGC internal reference

oscillator shall have short termstability of 2x10°9 or less for
one second aver age.

3.5.2 Power (High Level). The LFSGC shall be capabl e of neasuring
the applied power* with the follow ng requirenents:

*Appl i ed power is defined as the power incident upon a non-
reflecting termnation in a system whose characteristic inpedance
is 50 ohns.

3.5.2.1 High Power Level Range. The LFSGC with power sensor
nodul e connected shall perform RF power neasurenents from -20 dBm
to +30 dBm at frequencies from 100 kHz to 1300 MHz.
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3.5.2.2 High Power Accuracy. The high power accuracy shall not
exceed +0.2 dB

3.5.2.3 High Power Resolution. The high power resolution shal
be 0.01 dB or better.

3.5.3 Power (Low level). The LFSGC shall be capabl e of neasuring
the applied power wusing, if necessary, a reference power
measurenment by using a high-level power detector specified in
paragraph 3.5. 2.

3.5.3.1 Low Power Frequency Range. The LFSGC | ow power frequency
range shall be from2.5 MHz to 1300 M.

3.5.3.2 Low Power Range. The LFSCGC | ow power range shall be from
0 to -110 dBm

3.5.3.3 Low Power Accuracy. The LFSGC | ow power accuracy shal
not exceed +0.35 dB

3.5.3.4 Low Power Resolution. The power resolution shall be 0.01
dB or better.

3.5.4 Attenuation (Power Ratio). The LFSGC shall be capabl e of
cal culating and displaying the attenuation value resulting from
two power neasurenents.

3.5.4.1 Attenuation Frequency Range. The LFSGC frequency range
of the attenuation neasurenents shall be from2.5 MHz to 1300 MHz.

3.5.4.2 Attenuation Dynam c Range. The LFSGC dynam c range shal
be at | east 110 dB.

3.5.4.3 Attenuation Accuracy. The LFSGC shall have an
attenuation accuracy of *0.03 dB/ 10 dB, with a nmaxi num cumul ati ve
error of 0.3 dB, excluding msmatch errors and connector
repeatability.

3.5.4.4 Attenuation Resol ution. The LFSGC resolution of the
attenuati on neasurenents shall be 0.001 dB or better

3.5.5 Anplitude Moddulation (AM. The LFSGC shall be capable of
measuring anplitude nodul ation characteristics.

3.5.5.1 Carrier Frequency Characteristics.

3.5.5.1.1 Power 1 nput. The LFSGC power input of carrier
frequency shall be from+10 dBmto -20 dBm

3.5.5.1.2 Carrier Frequency. The LFSGC carrier frequency shal
be from 150 kHz to 1300 MHz .
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3.5.5.2 Anmplitude Mdulation Frequency. The LFSGC shall be
capabl e of neasuring the frequency of the anplitude nodul ation.

3.5.5.2.1 AM Frequency Range. The LFSGC AM frequency range
shall be from20 Hz to 100 kHz.

3.5.5.2.2 AM Frequency Accuracy. The AM frequency accuracy for
AM peak greater than or equal to 10%shall be as foll ows:

Accur acy Denodul at ed Frequency
3 digits = Internal Reference Accuracy >1 kHz
+0. 02 Hz * Internal Reference Accuracy <1l kHz

3.5.5.2.3 Anplitude Mdulating Signal Qutput Sensitivity. The
out put sensitivity of the anplitude nodul ating signal shall be as
foll ows:

Maxi mum Denodul at ed Qutput Sensitivity Dept hs
0. 01V/ per cent AM Peak > 40%
0. 1V/ per cent AM Peak < 40%

3.5.5.2.4 AM Frequency Resolution. The LFSCGC resolution of AM
frequency shall be six (6) digits or better.

3.5.5.3 Percent Mbdul ation. The LFSGC shall be capabl e of
measuring the percentage of the anplitude nodul ati on (percent AV,
as well as neasuring the positive peak percent AM and the negative
peak percent AM

3.5.5.3.1 AM Depths. The LFSGC shall have the capability to
measure AM depth at least from5%to 99%

3.5.5.3.2 AM Accuracy. The LFSGC shall have maxi nrum AM
measur enments accuracy as foll ows:

Freq. Range Rate Uncertainty
150 kHz - 10 Mz 20 Hz - 10 kHz +3%iv + 1 digit)
150 kHz - 10 Mz 50 Hz - 10 kHz +2%iv + 1 digit)
10 MHz -1300 MHz 20 Hz - 100 kHz +(3%iv + 1 digit)
10 Mz -1300 MHz 50 Hz - 50 kHz +1%iv + 1 digit)

3.5.5.3.3 AM Resol ution. The LFSGC shall have AM resol uti on of
0O . 1 % or b et t er
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3.5.5.3.4 AM Distortion Masurenent of RF Carrier. The LFSGC
shall have the AM di stortion neasurenment of RF carrier as foll ows:

Modul ati on Frequency: 400 Hz £ 5% 1 kHz + 5%
D spl ay Range: 0.01%to 100%

M ni mum | nput AM Level : 1.5% peak AM
Uncertainty: £1.0 dB.

3.5.5.3.5 AMD stortion Measurenent of External Audi o Source.
The LFSGC shall have the AM distortion neasurenent of external
audi o source as foll ows:

Modul ati on Frequencies: 400 Hz £ 5% 1 kHz + 5%
D splay Range: 0.01%to 100%

| nput Vol tage Range: 100 nV to 3W.

Uncertainty: +1.0 dB.

3.5.5.3.6 AM Denodul ated Qutput Distortion. The LFSGC shall have
t he AM denodul ated out put distortion as foll ows:

<0. 3% THD for <50% dept h.
<0. 6% THD for <95% dept h.

3.5.6 Frequency Mdulation (FM. The LFSGC shall be capabl e of
nmeasuring the frequency nodul ati on characteri stics.

3.5.6.1 Carrier Frequency Characteristics.

3.5.6.1.1 Carrier Frequency Power |nput. The power i nput of
carrier frequency shall be from+10 dBmto -20 dBm

3.5.6.1.2 Carrier Frequency. The carrier frequency shall be from
250 kHz to 1300 MHz.

3.5.6.2 Frequency of Mdulation Frequency. The LFSGC shall be
capabl e of neasuring the frequency of nodul ati on.

3.5.6.2.1 EM Frequency Range. The LFSGC FM frequency range shall
be from20 Hz to 200 kHz.

3.5.6.2.2 FM Frequency Accuracy. The accuracy of the FM
frequency for FM peak greater than or equal to 1.0 kHz shall be as
fol | ows:

Accur acy Denodul at ed Frequency
+3 digits = Internal Reference Accuracy >1 kHz
+0.02 Hz £ Internal Reference Accuracy <1 kHz
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3.5.6.2.3 Frequency Mdulating Signal Qutput Sensitivity. The
out put sensitivity of the frequency nodul ati ng signal shall not
exceed 0.01 mV/ Hz.

3.5.6.2.4 EM Frequency Resol ution. The LFSGC shall have the FM
frequency resolution of 10 Hz or better.

3.5.6.3 EM Deviation. The LFSGC shall be capable of neasuring
t he deviation of the frequency nodul ated signal .

3.5.6.3.1 FEM Deviation Range. The FM devi ation range shall be
400 kHz peak maxi mum for nodul ation frequency from 20 Hz to 200
kHz.

3.5.6.3.2 FM Accuracy. The LFSGC shall have FM neasurenents
accuracy as follows:

FM accur acy Freq. Range Rat e
Devi ati on
(2% of reading +1 digit) 250 kHz-10 Mz 20 Hz-10 kHz
<40 kHz peak
(1% of reading +1 digit) 10 MHz-1300 MHz 50 Hz-100 kHz
<400 kHz peak
(5% of reading +1 digit) 10 MHz-1300 MHz 20 Hz-200 kHz

<400 kHz peak

3.5.6.3.3 FM Devi ation Resol ution. The resolution of FM
devi ation shall be four (4) digits or 10 Hz, whichever is greater.

3.5.6.3.4 EM D splay. The LFSGC shall be capable of displaying
FM deviation in positive peak, negative peak, peak-to-peak, and
aver age.

3.5.6.3.4 FEM D stortion Measurenent on RF Carrier.
The LFSGC shall have the FM distortion neasurenent on RF carrier
as foll ows:

Modul ati on Frequency: 400 Hz £+ 5% 1 kHz £ 5%
D spl ay Range: 0.01%to 100%

M ni mum I nput FM Devi ation: 150 Hz peak FM
Uncertainty: +1.0 dB

3.5.6.3.5 FMDi stortion Measurenent of External Audi o Source.
The LFSGC shall have the FM distortion neasurenent of externa
audi o source as foll ows:

Modul ation Frequency: 400 Hz £+ 5% 1 kHz £ 5%
Di spl ay Range: 0.01%to 100%
| nput Vol tage Range: 100 nV to 3 V.
Uncertainty: +1.0 d B.
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3.5.6.3.6 FM Denodul ated Qutput Distortion.
The LFSGC shall have the FM denodul ated output distortion as
foll ows:

THD Freq. Range Rat es Devi ati on
<0.1% 400 kHz-10 M 20 Hz-10 kHz <10 kHz
<0.1% 10 MHz-1300 MHz 20 Hz-100 kHz <100 kHz

3.5.7 Phase Mbdulation (PM. The LFSGC shall be capable of
measuring PM characteristics.

3.5.7.1 Carrier Frequency Characteristics.

3.5.7.1.1 Carrier Frequency Power lnput. The LFSGC Power i nput
of carrier frequency shall be from+10 dBmto -20 dBm

3.5.7.1.2 Carrier Frequency. The LFSGC carrier frequency shal
be from 150 kHz to 1300 M.

3.5.7.2 Phase Mdul ation Frequency. The LFSGC shall be capabl e
of measuring the deviation of the phase nodul ated signal.

3.5.7.2.1 Phase Modul ation Frequency Range. The LFSGC PM
frequency range shall be from200 Hz to 20 kHz.

3.5.7.2.2 PM Frequency Accuracy. The PM frequency accuracy shal
be as foll ows:

PM Frequency Accuracy Frequency
+(4% of reading + 1 digit) 150 kHz to 10 Mz
+(3%of reading + 1 digit) 10 Mz to 1300 MHz

For rns detector add +3% of readi ng.

3.5.7.2.3 PM Qutput Sensitivity. The output sensitivity of the
modul ation rate shall be as foll ows:

Peak Phase Devi ati on(radi ans) Modul ati on Rate
Modul ation sensitivity
0.1to 0.4 100 Hz to 1 kHz 1. OV/ Radi an
0.4to0 4.0 100 Hz to 1 kHz 1. OV/ Radi an
4.0 to 40 100 Hz to 1 kHz 0. 1V/ Radi an

40 to 400 100 Hz to 1 kHz 0. 01V/ Radi an
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3.5.7.2.4 PM Frequency Resolution. The LFSGC resolution of the
nmodul ation rate shall be four (4) digits or 0.1 radi ans whi chever
is greater.

3.5.7.2.5 PM Denpdul ated Qutput Distortion. The LFSGC out put
di stortion of phase nodul ation shall be |less than 0.1% THD.

3.5.8 Hi gh Power |npedance. Nom nal 50 ohns.

3.5.9 Voltage standing Wave Ratio (VSVR). The LFSGC s VSWR
shal | not exceed 1.15.

3.5.10 Power Reference. A built-in power reference shall be
provi ded for calibration.

3.6 Operating Requirenents. The LFSGC shall provide the
foll ow ng operating capabilities.

3.6.1 Front Panel Control Requirenments. Al nmpodes and functions
shall be operable using front panel controls. The |ocations and
| abeling of indicators, controls, and switches shall provide for
maxi mum clarity and easily understood operation wthout reference
to tables, charts, or flow diagrans.

3.6.2 Programmbility. Al nodes and functions shall be fully
renotely programmable via the | EEE-488.1 instrunentation bus. Wen
operating the LFSGC via remote programm ng, all front pane

controls shall be disabled, except for the on / off switch and the
Renote / Local swtch.

3.6.3 Error Correction. During calibration, the LFSGC shall
provide the capability to correct for all neasurenment deviations
from nom nal conditions. This correction capability shall be
operational from the front panel control, manual adjustnent to
printed circuit board, or over the | EEE-488 bus. The LFSGC shal
be capabl e of changing any calibration factor or other correction
data stored in nmenory of the LFSGC wi thout renoval of any nenory
circuits or devices.

3.6.4 Local / Renote. The LFSGC shall have a |ocal and renpote
operation mode. It shall be either manually or remotely
progranmabl e sel ectable according to paragraph 3.6.2. Manual
sel ection shall be provided by a front panel switch. A means of
i ndi cati ng the operational node shall be provided. Wen changi ng
nodes, all paraneter values shall renmain unchanged.
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3.6.5 | EEE Interface. The LFSCC shall have an |EEE-488.1
i nterface connector with the follow ng capabilities:
a. SH1 - Source handshake, conplete capability.
b. AHL - Acceptor handshake, conplete capability.
c. T6 or T5 - Tal ker function, conplete capability.

d. L4 or L3 - Listener function, conplete capability,
i ncluding Listen Only node.

e. SR1 - Service request, conplete capability.

f. RR1 - Renote local, conplete capability.

g. DC1L - Device clear, conplete capability.

h. E2 or E1 - Driver electronic, open circuit driver.

i. DI1 - Device trigger, conplete capability.

3.6.6 Conpatibility. The LFSGC shall be tested for conpatibility
with the | EEE-488 bus and the John Fl uke Model 1722A/ AP i nstrunent
controller. The LFSGC shall be tested for correct operation when
controlled using existing United States Navy software prograns
originally witten for use with the Hew ett Packard Mddel 8902A
Option EO2 Signal Generator Calibrator.

3.7 Mnual. At |least two copies of an operation and nmai ntenance
manual shall be provided. The manual shall neet the requirenents
of ML-M 7298.

3.7.1 Calibration Procedure. The manual shall provide a LFSGC
calibration procedure in accordance with M L-M 38793.




